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MAGNETIC FINGERPRINTS IN SUPERCONDUCTING Au0.7In0.3 CYLINDERS
Yu. ZADOROZHNY, D. R. HERMAN, AND Y. LIU
Department of Physics, The Pennsylvania State University, University Park, PA 16802, USA
Reproducible, sample-specific magnetoresistance fluctuations (magnetic fingerprints) were observed in the low-temperature part of
the superconducting transition regime of hollow Au0.7In0.3 cylinders of submicron diameter. The amplitude of the fluctuations was
found to exceed that of the universal conductance fluctuation in normal metals by several orders of magnitude. The physical origin
of these observations is related to mesoscopic fluctuations of the superconducting order parameter.
In the past two decades fascinating phenomena in
normal-metal mesoscopic systems have been found and,
for the most part, understood.1 One of the most impor-
tant aspects of mesoscopic physics is quantum interfer-
ence over a length much larger than the atomic size.
In disordered mesoscopic samples, this remarkable phe-
nomenon is manifested in seemingly random but fully
reproducible, sample-specific magnetoresistance fluctua-
tions, referred to in the literature as magnetic finger-
prints (MFPs).1 These MFPs, which have emerged as a
hallmark of mesoscopic physics, result from Aharonov-
Bohm interference of electron waves. Remarkably, the
amplitude of the conductance fluctuations has a univer-
sal value of the order of e2/h, known as the universal
conductance fluctuation (UCF). The physical origin of
the UCF lies in the energy level statistics in disordered
metal, in which the fluctuation in the number of energy
levels within any energy interval is universally of the or-
der of unity.1
In the past few years, the UCF has also been exam-
ined in normal-metal samples in contact with one or more
superconducting islands.2 The superconducting pair po-
tential penetrates inside the normal metal at a length
characterized by the normal coherence length LT (prox-
imity effect). However, Andreev reflection from the nor-
mal metal-superconductor interfaces introduces electron-
hole correlations in the normal metal that extend beyond
LT and as far as the dephasing length Lφ.
3 The additional
phase coherence affects the conductance of the normal
metal, leading to new physical phenomena.2 However, no
significant change was found in the amplitude of conduc-
tance fluctuations,4 as anticipated theoretically.5
Interesting questions arise if superconductivity is in-
troduced in the bulk, rather than at the boundary of
a normal sample. Consider a weakly disordered meso-
scopic sample in which electrons become phase coherent
well above the onset of superconductivity. These phase-
coherent normal electrons are extremely sensitive to im-
purity scattering.1 However, when electrons form Cooper
pairs, they become completely insensitive to randomness.
How do electrons respond to these opposite tendencies of
motion? In addition, in disordered metallic samples, en-
ergy levels fluctuate, leading to MFPs and the UCF as
mentioned above. What would the manifestation of the
energy level fluctuation be in disordered superconduc-
tors? We have carried out measurements on disordered
superconducting Au-In cylinders to address these issues.
Au-In alloy has a rich phase diagram that includes
compounds, AuIn and AuIn2, and solid solutions with
varying composition ratios.6 In the bulk form, the maxi-
mum solid solubility of In in Au is only about 10%.6 When
the In concentration exceeds this limit, a phase separa-
tion occurs, with the excess In forming In-rich grains.7
The inhomogeneity in In concentration leads to spatially
varying local Tc’s, resulting in a random superconductor-
normal metal-superconductor Josephson junction array.
In the present study we concentrate on Au-In films with a
nominal In fraction of 30%. Details of the sample prepa-
ration have been described elsewhere.8
In Fig. 1 we show two traces of axial magnetoresis-
tance (MR) taken back-to-back deep in the supercon-
ducting transition regime of a Au0.7In0.3 cylinder. The
diameter, film thickness, and the normal-state sheet re-
sistance of this sample (Cylinder 12) were respectively
840 nm, 35 nm, and 1.7 Ω. A non-periodic, asymmet-
ric (with respect to the reversal of the magnetic field)
MR pattern was found in both traces. A comparison
of the two traces shows a remarkable reproducibility of
the pattern (the cross-correlation is 97%). This pattern
can be seen as a reproducible resistance fluctuation, or a
magnetic fingerprint, in a positive, symmetric MR back-
ground expected for a superconductor. Similar MFPs
have been found in other Au0.7In0.3 cylinders.
A small increase in temperature was found to
suppress the magnetoresistance fluctuation surprisingly
strongly. At temperature T ∗ ≈ 0.27 K, indicated in the
inset of Fig. 1 with a vertical line, the resistance fluctu-
ation had already disappeared completely. This trend is
illustrated in Fig. 2, in which we show MR traces taken at
three different temperatures. Magnetic field was found to
have a similar effect. Above a threshold field B∗(T ), the
resistance fluctuation disappeared and the MR recovered
the monotonic, symmetric behavior. It is interesting to
note that the fluctuation disappeared once the resistance
1
100
120
140
160
-100 -50 0 50 100
R
(Ω
)
B (Gauss)
h/2e
0
200
400
600
0 0.2 0.4 0.6 0.8 1
R
( Ω
)
T(K)
Figure 1: Two MR traces at T = 0.25 K, upper trace offset by 10 Ω
for clarity. Inset: R(T ) in zero field. The vertical line indicates the
threshold temperature T ∗ below which the MR fluctuation was
found.
was above a certain value, by increasing either tempera-
ture or magnetic field.
The MFPs remained essentially the same in several
consecutive scans. However, after the sample was ther-
mally cycled to around 10-15 K, well above the onset
of superconductivity, a different fluctuation pattern was
found, as shown for example in Fig. 2 (bottom trace) and
in Fig. 3. The new MFP was again reproducible as illus-
trated by the two MR traces in Fig. 3. The magnitude of
the zero-field resistance RB=0 at fixed temperatures be-
low T ∗ was also found to change randomly as a result of
thermal cycling. The range of the resistance variation at
T = 0.25 K was about 10% of the normal-state resistance
RN . Applying a high (several Tesla) magnetic field also
irreversibly changed the MR, similar to thermal cycling.
A resistance maximum at zero magnetic field is
clearly seen in Fig. 3. Typically, superconducting fluc-
tuations are suppressed by an applied field, leading to
a positive MR. In the conventional Little-Parks (L-P)
experiment, the MR at B = 0 is always a minimum.9
A negative MR as large as 25% of RB=0 deep in the
superconducting transition regime is therefore very un-
usual. Similar negative MR has been observed in other
Au0.7In0.3 cylinders. The negative MR was suppressed
by a small temperature increase as all other features in
the MR were (Fig. 2).
The data shown in Figs. 1-3 suggest that the con-
ventional h/2e L-P resistance oscillation was too weak
to be observed or even absent. Significant or complete
suppression of resistance oscillations was found in all free-
standing cylinders and can be attributed to spatial fluc-
tuations in local Tc along the sample circumference.
8
Sample-specific MR could in principle result from
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Figure 2: MR traces taken at temperatures as indicated. MR fluc-
tuation persists up to B∗.
multiple magnetic field driven transitions if the sample
consisted of a collection of superconducting weak links
with varying local critical field. In this picture, however,
successive suppression of superconductivity of each indi-
vidual weak link as the (parallel) field increases would re-
sult in monotonic, step-like features in MR, accompanied
by hysteresis.10 Instead, MR of our samples was found to
be strongly non-monotonic and non-hysteretic. Further-
more, the MR was asymmetric with respect to the mag-
netic field reversal, which also can not be explained by
the weak link picture. All these considerations seem to
suggest that superconducting weak links, if present in our
samples, do not contribute significantly to the observed
sample-specific MR.
Mesoscopic conductance fluctuations in normal met-
als are sensitive to impurity configurations, magnetic
fields, and gate voltages.1 Thermal cycling to moderately
high temperature can affect the impurity configuration
and therefore result in irreversible conductance change
of the order of e2/h. Magnetic field of the order of the
correlation field Bcor, corresponding to one flux quan-
tum through the cross-section of the film, is required to
change the conductance by e2/h.1 MFPs were also found
in our samples, however, due to the suppression of su-
perconductivity, the MFPs were only observed in fields
up to B∗, smaller than Bcor ≈ 450 G. As a result, the
most prominent fluctuation features had field scale much
smaller than Bcor. It should be noted that conductance
fluctuations on field scales much smaller than Bcor have
been observed in normal-metal samples,11 with amplitude
somewhat smaller than e2/h.
The similarities between the sample-specific conduc-
tance in our samples and in mesoscopic normal-metal
systems strongly suggest that the observed features are
mesoscopic in origin. However, the amplitude of these
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Figure 3: Two MR traces at T = 0.25 K, obtained after thermal
cycling and featuring a different fluctuation pattern. The upper
trace is offset by 10 Ω.
sample-specific conductance fluctuations appears to be
much larger than that observed in normal samples. An
order-of-magnitude estimate gives ∆G = ∆R✷/R
2
✷
≈
104 e2/h, where R✷ is the sheet resistance of the sample.
Theoretically, significantly enhanced sample-specific
conductance fluctuations have been predicted for homo-
geneously disordered superconductors in the transition
regime. It has been shown that under appropriate condi-
tions, such as close to the superconductor-insulator tran-
sition or in a strong parallel magnetic field, fluctuations
in superconducting condensation energy can be larger
than its mean value.12 The physical origin of these ex-
ceedingly large fluctuations lies in the level statistics,
precisely the origin of the UCF in normal metals.
The fluctuation in condensation energy will in turn
manifest itself in fluctuations of the local Tc even for a
homogeneously disordered superconductor.13 Zhou and
Biagini 13 have shown that mesoscopic fluctuations of
both Aslamasov-Larkin and Maki-Thompson contribu-
tions to conductivity would lead to a sample-specific con-
ductance fluctuation above Tc. Because of the long-range
phase coherence developing in superconductors as Tc is
approached, sample-specific conductance should be ob-
servable in arbitrarily large samples, as long as the tem-
perature is sufficiently close to Tc. Similar to normal
samples, these fluctuations are sensitive to magnetic field,
impurity configuration, and gate voltage. Conductance
fluctuations are greatly amplified due to the supercon-
ducting coherence resulted from Cooper pairing correla-
tion, a spectacular example of quantum mesoscopic phe-
nomena at a macroscopic scale.
Experimental observations that might be related to
those discussed here have been reported previously. In
particular, giant conductance fluctuations and MFPs
have been reported for ultrashort quench-condensed Sn
films.14 Negative magnetoresistance has also been ob-
served in quench-condensed Pb wires.15. Spivak and
Kivelson 16 have shown earlier that negative MR can be
naturally accounted for in the same theoretical frame-
work as discussed above. In addition, the observed asym-
metry in MR may have a related physical origin. The
Spivak-Kivelson theory allows for time-reversal symme-
try breaking in the ground state of a disordered super-
conductor, which can lead to asymmetric MR.
In conclusion, we have observed reproducible,
sample-specific resistance fluctuations in disordered
Au0.7In0.3 cylinders. The amplitude of the fluctuation
is much larger than that of the UCF in normal sam-
ples. We have argued that the physical origin of these
observations lies in the mesoscopic fluctuation of super-
conducting condensation energy, as predicted by theory.
The authors would like to acknowledge useful dis-
cussions with S. Kivelson, B. Spivak, and F. Zhou. This
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